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TPS5516x-Q1 36-V, 1-A Output, 2-MHz, Single Inductor, Synchronous Step-Up 
and Step-Down Voltage Regulator 


1 Features 


* Qualified for Automotive Applications 
e AEC-Q100 Qualified with the Following Results: 


— Device Temperature Grade 1: —40?C to 
+125°C Ambient Operating Temperature 

— Device HBM ESD Classification Level 2 

— Device CDM ESD Classification Level CAB 

e 2-V to 36-V Input Voltage Range for Vour = 5 V 

e 5-V or 12-V Fixed Output Voltage (TPS55165-Q1) 

* Adjustable Output Voltage Options from 5.7 V to 
9 V (TPS55160-Q1 and TPS55162-Q1) 

* Up to 85% Efficiency 

e 1-A Output Current for Vour = 5 V and Vy 2 5.3 V 

* 0.8-A Output Current for Vour = 5 V and 
Vyn 23.8 V 

* 0.4-A Output Current for Vour = 5 V and 
V 2 2.3 V 

* Automatic Transition Between Step-Down and 
Step-Up Mode 

* Low-Power Mode for Improved Efficiency at Light 
Load Conditions (TPS55160-Q1 and 
TPS55165-Q1) 

* Device Quiescent Current Less than 15 pA in 
Low-Power Mode (TPS55160-Q1 and 
TPS55165-Q1) 

* Device Shutdown Current Less than 3 pA 

e Forced Fixed-Frequency Operation at 2 MHz 


e Selectable Spread Spectrum (TPS55160-Q1 and 
TPS55165-Q1) 


e Wake-up Through IGN With Power-Latch Function 


* Smart Power-Good Output With Configurable 
Delay Time 


e Overtemperature Protection and Output 
Overvoltage Protection 


* Available in Easy-to-Use 20-Pin HTSSOP 
PowerPAD™ Package 


2 Applications 

* Start-Stop Sensitive Automotive Power 
Applications 
— Infotainment and Cluster 
— Body Electronics and Gateway Modules 


* Industrial Applications With Fluctuating Input 
Voltage 


— Solar-to-Battery Charging 
— Li-lon Battery Packs 


3 Description 

The TPS5516x-Q1 family of devices is a high-voltage 
synchronous buck-boost DC-DC converter. The 
device provides a stable power-supply output from a 
wide varying input-power supply such as an 
automotive car battery. The buck-boost overlap 
control ensures automatic transition between step- 
down and step-up mode with optimal efficiency. The 
TPS55165-Q1 output voltage can be set to a fixed 
level of 5 V or 12 V. The TPS55160-Q1 and 
TPS55162-Q1 devices have a configurable output 
voltage ranging from 5.7 V to 9 V that is set by an 
external resistive divider. 


Output currents can be as high as 1 A for a normal 
car battery voltage, and can be maintained at 0.4 A 
for lower input voltages, such as those for common 
battery-cranking profiles. The buck-boost converter is 
based on a fixed-frequency, pulse-width-modulation 
(PWM) control circuit using synchronous rectification 
to obtain maximum efficiency. The switching 
frequency is set to 2 MHz (typical) which allows for 
the usage of a small inductor that uses less board 
space. 


Device Information” 


PART NUMBER PACKAGE BODY SIZE (NOM) 
TPS55160-Q1 

TPS55162-Q1 HTSSOP (20) 6.50 mm x 4.40 mm 
TPS55165-Q1) 


(1) For all available packages, see the orderable addendum at 
the end of the data sheet. 


(2) Available for preview. 


Simplified Schematic 


(NNA 

[x 4.7 uF EH Vour = 5 V 

0.1 pF — H —-0.1 uF 1AatVy2 5.3V 
0.8 A at Vn > 3.8 V 
0.4 A at Vn> 2.8 V 


VOUT 


PG 
VOUT SENSE 


IGN PWRL 


IGN 


PS 


PGND SM MD 
GND TPS5516x-Q1 Rory —— 4.7 pF 
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4 Revision History 
NOTE: Page numbers for previous revisions may differ from page numbers in the current version. 


DATE 


REVISION 


NOTES 


November 2017 


Initial release. 
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5 Description (continued) 

A selectable spread-spectrum option (TPS55160-Q1 and TPS55165-Q1) helps reduce radiated electromagnetic 
interference (EMI). Internal loop compensation eliminates the need for external compensation components. In 
low-power mode (TPS55160-Q1 and TPS55165-Q1), the device achieves a quiescent current of less than 15 uA 
which allows an automotive electronic control unit (ECU) to stay in standby mode (for example, listen-to-CAN 
mode) while achieving OEM quiescent-current requirements. The low-power mode can be disabled which forces 
the converter to operate in full continuous mode at a fixed switching frequency of 2 MHz (typical) for the entire 
load-current range. The maximum average current in the inductor is limited to a typical value of 2 A. 


The converter can be disabled to minimize battery drain. Furthermore, the device offers a power-good (PG) pin 
to indicate when the output rail is less than the specified tolerance. The device also has a power-latch function to 
allow an external microcontroller unit (MCU) to keep the output voltage available for as long as needed. 


The device is available in a 20-pin HTSSOP PowerPAD package. 


6 Pin Configuration and Functions 


PWP PowerPAD™ Package 
20-Pin HTSSOP With Exposed Thermal Pad 
Top View 


PGND L2 
L1 BST2 
BST1 GND 
VINP VOUT 
VINL VOUT SENSE 
Thermal 
IGN Pad PG 
PS VOS FB 
IGN_PWRL GND 
SS EN VREG 
PG DLY VREG Q 
Not to scale 
Pin Functions 
PIN 1 a 
vO" | TYPE? DESCRIPTION 
NAME NO. 
PGND 1 — G Power-ground pin 
L1 2 | A Buck power-stage switch node. Connect an inductor with a nominal value of 4.7 uH between the L1 
and L2 pins. 
BST1 3 | A Bootstrap node for the buck power stage. Connect a 100-nF capacitor between this pin and the L1 
pin. 
VINP 4 — P Supply-power input voltage. Connect this pin to the input supply line. 
VINL 5 — P Supply-input voltage for internal biasing. Connect this pin to the input supply line. 
IGN 6 l D Ignition-enable input signal. The ignition is enabled when this pin is high (1) and is disabled when 
this pin is low (0). 
PS 7 | D Logic-level input signal to enable and disable low-power mode. The power mode is low-power 
mode when this pin is high (1) and is normal mode when this pin is low (1). 


(1) I= Input Pin, O = Output Pin 
(2) A = Analog Pin, D = Digital Pin, G = Ground Pin, P = Power Pin 
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Pin Functions (continued) 


PIN 
vO" | TYPE DESCRIPTION 

NAME NO. 

IGN. PWRL 8 D Logic-level IGN power-latch signal. The IGN pin is latched when this pin is high (1) and is not 
latched when this pin is low (0). 

SS EN 9 | D Configuration pin to enable and disable the spread-Spectrum. The spread-spectrum feature is 

= enabled when this pin is open and disabled when this pin is low. 

Configuration pin for power-good delay time. Connect this pin to a resistor with a value from 10kQ 

PG DLY 10 A to 100kQ to configure the PG delay time from 0.5 ms to 40 ms. Connect this pin to ground for the 
default PG delay time which is 2 ms (typical). 

VREG Q®) 11 A Quiet feedback pin for the gate-drive supply of the buck-boost power stages. This pin must be 

i connected close to the top side of the 4.7-uF (typical) decoupling capacitor at the VREG output pin. 

VREG 12 o A Gate-drive supply for the buck-boost power stages. Apply a 4.7-uF (typical) decoupling capacitor at 
this pin to the power ground. The VREG pin cannot drive external loads in the application. 

GND 13 = G Analog ground 
For the TPS55160-Q1 and TPS55162-Q1 devices, this pin is used to adjust the VOUT 
configuration. Connect this pin to a resistive feedback network with less than 1-MQ total resistance 

VOS FB 14 A between the VOUT pin, FB pin, and GND pin (analog ground). 

3 For the TPS55165-Q1 device, this pin is used to select the output voltage. The output voltage is set 
to 5 V when this pin is connected to the GND pin. The output voltage is 12 V when this pin is 
connected to the VREG pin. 

PG 15 o D Output power good pin. This pin is an open-drain pin. The status of the power-good output is good 
when this pin is high (1) and has a failure when this pin is low (0) 
VOUT_SEN 16 | A Sense pin for the buck-boost converter output voltage. This pin must be connected to the VOUT 
SE pin. 
VOUT 17 O A Buck-boost converter output voltage 
GND 18 — G Analog ground 
Bootstrap node for the boost power-stage. Connect a typical 100-nF capacitor between this pin and 
BST2 19 | A : 
the L2 pin. 
L2 20 | A Boost power-stage switch node. Connect an inductor with a nominal value of 4.7 uH between the 
L1 and L2 pins. 
PowerPAD — — The thermal pad must be soldered to the power ground to achieve the appropriate power 


dissipation through the analog ground plane. 


(3) The VREG Q pin must be connected to the VREG pin at all times while the device is in operation to prevent possible electrostatic 
overstress (EOS) damage to the device. 
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7 Specifications 


7.1 Absolute Maximum Ratings 
over operating free-air temperature range (unless otherwise noted) (1) ? 


TPS55160-Q1, TPS55162-Q1, TPS55165-Q1 


SLVSD46 -NOVEMBER 2017 


POS MIN MAX UNIT 
M1.1 Protected battery voltage VINP, VINL —0.3 40 V 
M1.2 Feedback voltage VOS FB —0.3 5.5 V 
M1.3 Low-power mode input PS -0.3 40 V 
M1.4 Low-voltage inputs IGN PWRL, SS EN, PG DLY —0.3 5.5 V 
M1.5 Ignition enable input IGN -7 40 V 
M1.6 Buck-boost output voltage VOUT, VOUT SENSE —0.3 20 V 
M1.7 Gate-driver supply VREG, VREG Q —0.3 5.5 V 
M1.8 Buck switching node voltage L1 —0.3 40 V 
M1.9 Boost switching node voltage L2 —0.3 20 V 
M1.10 | Boot-strap overdrive voltage BST1-L1, BST2-L2 —0.3 5.5 V 
M1.11 Power-good output voltage PG -0.3 15 V 
M1.12 | Ground PGND, GND —0.3 0.3 V 
M2 Junction temperature, Ty —40 150 °C 
M3 Storage temperature, Tstg —65 175 °C 


(1) 


Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings 


only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating 


Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
All voltage values are with respect to the network ground terminal unless otherwise noted 


(2) 


7.2 ESD Ratings 


VALUE UNIT 
M4 Human-body model (HBM), per AEC Q100-002() +2000 
MS.1_| Vsp) i Charged-device model (CDM), per AEC | All pins +500 b 
M5.2 Q100-011 Corner pins (1, 10, 11, and 20) +750 
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification. 
7.3 Recommended Operating Conditions 
over operating free-air temperature range (unless otherwise noted) 

POS MIN MAX | UNIT 
Rita m 65-Q1 with VOS FB pin connected to 2 36 V 
R1.1b oo EN and: WINE: pIRIS (atter TPS551 65-Q1 with VOS_FB pin connected to 4 36 v 
R1.1c TPS55160-Q1 and TPS55162-Q1 3.6 36| V 
R1.2a | Output voltage at VOUT and VOUT SENSE pins 0 12 V 
R1.2b | Output voltage at PG pin 0 5 V 
R1.3 Input voltage on IGN pin 0 36 V 
R1.4 Input voltage on logic pins IGN_PWRL, PS and SS EN 0 5 V 
R1.5a . TPS55165-Q1 0 5 V 

Input voltage on VOS FB pin 
R1.5b TPS55160/2-Q1 0 0.8; V 
R2.1 Operating free air temperature, Ta —40 125| °C 
R2.2 Operating virtual junction temperature, Ty —40 150| °C 
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7.4 Thermal Information 
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TPS5516x-Q1 
THERMAL METRIC") PWP (HTSSOP) UNIT 
20 PINS 
Roja Junction-to-ambient thermal resistance 35.4 °C/W 
Rasc(top) Junction-to-case (top) thermal resistance 19.8 °C/W 
Rous Junction-to-board thermal resistance 16.8 °C/W 
WIT Junction-to-top characterization parameter 0.5 °C/W 
WB Junction-to-board characterization parameter 16.5 °C/W 
Royc(bot) Junction-to-case (bottom) thermal resistance 0.9 °C/W 


(1) 


report. 


7.5 Electrical Characteristics — External Components 


Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) ? 


For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application 


POS PARAMETER TEST CONDITIONS MIN TYP MAX) UNIT 
AN.1 Value of output ceramic 
Cour capacitor Connect between VOUT and PGND 18 22 47 uF 
Value of ESR of output 
AN.1a | ESR Cour capacitor: Cout 0 100 | ma 
Value of bootstrap ceramic ESR « 10 mQ. Connect between BST1 and 
AN.2 | Casr capacitor L1 with respect to BST2 and L2 100 L3 
Value of ESR of bootstrap 
AN.2a | ESR Geer ceramic capacitor, Cast 0 LN. 
ANS3 L Value of inductor Saturation current > 2.5 A, ESR « 30 mQ 3.3 4.7 6.2 uH 
AN.3a | DCR L Value of DCR of inductor 0 40 mo 
Value of supply input ceramic 40-V compliant. Connect between VIN and 
AN.4 | Cin capacitor PGND 8.2 i uF 
AN.4a | ESR Cn ia of ESR of input capacitor, 0 100| mo 
IN 
Decoupling capacitor on VREG 
AN.5 | Cvreg pin to ground Connect between VREG and PGND 3.9 4.7 5.6 uF 
AN.5a | ESR Cvrec Fen of ESR of input capacitor, 0 10 mo 
VREG 
(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 
7.6 Electrical Characteristics — Supply Voltage (VINP, VINL pins) 
Over operating free air temperature range —40°C < T4 < 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) ? 
POS PARAMETER TEST CONDITIONS MIN TYP MAX) UNIT 
TPS55165-Q1 with 
1.1a VOS FB pin connected to 2 14 36 
GND " 
RE ee Ps TREO 
9 pins; P VOS_FB pin connected to 4 14 36 
VREG 
1.1c TPS55160/2-Q1 3.6 14 36 V 
Mini input Volt Applied at VINP and VINL pins; Ty = 25°C. This minimum 
1.2 VIN. startup or eatin input VONAGE | voltage is required until VOUT > PGrH_uv: 5.3 V 
P lvour < 400 mA, Cyour= 22 uF 
VIN Shutdown supply Vin =12 V, ViGn= 0 V, Vps= 0 V, Vien PWRL = 0 V, Ty = 
s Isp current 25°C = 3| HA 


(1) 
6 
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Electrical Characteristics — Supply Voltage (VINP, VINL pins) (continued) 


Over operating free air temperature range —40°C < T4 x 125°C and maximum junction temperature Tj = 150°C and 
recommended operating input supply range (unless otherwise noted)? 


POS PARAMETER TEST CONDITIONS MIN TYP MAX, UNIT 
TPS55165-Q1: 
VIN Quiescent supply Vin = Vien =12V, Vout =5V, lout =0mA, Ty = 25°C 
1.4 la Ape NV 0 15| pA 
current Device in low-power mode, Non-switching 
VOS FB pin connected to GND 


7.7 Electrical Characteristics — Reference Voltage (VOS FB Pin) and Output Voltage (VOUT 
Pin) 


Over operating free air temperature range —40°C < T4 x 125°C and maximum junction temperature Tj = 150°C and 
recommended operating input supply range (unless otherwise noted) 


POS PARAMETER TEST CONDITIONS MIN TYP MAX, UNIT 
TPS55160/2-Q1: 
; Measured at VOS FB pin 
F k volt | d = 
2.1a  |VrB NM adj odds a "setingi © | Resistive divider with total resistance < 1 0.784 0.8 0816 V 
Our MQ connected between VOUT, VOS_FB, 
and GND pins 
TPS55165-Q1: 
Feedback voltage in normal mode | Measured at VOUT SENSE pin 
21b Vr& NW 5V — | for Vour in fixed 5-V setting @) VOS FB pin connected to GND; VOUT pin id 9. MED # 
connected to VOUT SENSE 
TPS55165-Q1: 
Feedback voltage in normal mode | Measured at VOUT SENSE pin 
21c |Vr& nmv — for Vour in fixed 12-V setting ® VOS FB pin connected to VREG; VOUT Po. e REE) 
pin connected to VOUT SENSE 
TPS55160/2-Q1: 
; Measured at VOS FB pin 
F k vol low- a ; 
2.28 Vr Ps adj on adie iie v P sehinga Resistive divider with total resistance < 1 0.776 0.8 0.824) V 
out MQ connected between VOUT, VOS FB, 
and GND pins 
TPS55165-Q1: 
Feedback voltage in low-power Measured at VOUT SENSE pin 
22b Vee Ps sv | mode for Vour in 5-V setting ® VOS FB pin connected to GND; VOUT pin d di NE 
connected to VOUT SENSE 
TPS55165-Q1: 
Feedback voltage in low-power Measured at VOUT SENSE pin 
220 VFB PS V | mode for Vou; in 12-V setting? | VOS FB pin connected to VREG; VOUT INGE, des dese p V 
pin connected to VOUT SENSE 
| TPS55160/2-Q1: 
2.3 Vour oL Adjustable output voltage range Measured at VOUT. SENSE pin 5.7 9 V 
; ; Device in OFF state, INIT state, or 
2.6 |Rpdvour vor discharge resistance at | PRE RAMP state; Vien = 0 V, Vps = 0 V, 250 365 850 2 
Vian PwnL = 0 V 


(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 
(2) Vpg= 0 V; Average DC value excluding ripple and load transients for Vi, and load current ranges as specified in lyoyr. Inclusive DC line 
and load regulation, temperature drift, and long term drift. 
(3) Vpg= 5 V; Average DC value excluding ripple and load transients for Viy and load current ranges as specified in lyoyr. Inclusive DC line 
and load regulation, temperature drift, and long term drift. 


7.8 Electrical Characteristics — Buck-Boost 


Over operating free air temperature range —40?C < T4 < 125°C and maximum junction temperature T, = 150°C and 
recommended operating input supply range (unless otherwise noted) 


(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 
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Electrical Characteristics — Buck-Boost (continued) 
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Over operating free air temperature range —40?C < T4 x 125°C and maximum junction temperature Tj = 150°C and 
recommended operating input supply range (unless otherwise noted)? 


POS PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
3.1a 6 V < Vin; DCR < 40 mo 1 A 
3.1b Max output current in TPS55165-Q1 with | 38 V< Vin < 6 V; DCR < 40 ma 800 

lour. 5v normal operation for VOS FB pin - 
3.1c VOUT in 5-V setting connected to GND | 2:3 V < Vin < 3.8 V; DCR s 40 mo 400 mA 
3.1d 2 V < Vin < 2.3 V; DCR < 40 mo 200 
3.1e TPS55165-Q1 with 14 V s Vy; DCR < 40 mQ 800 
. -Q1 wi 
3.1f Max output current in yos FB pin 9.2 Vs Vin < 14 V; DCR < 40 mQ 600 
lout 12v normal operation for - 
3.1g = VOUT in 12-V setting v to 5.6 V< Vin < 9.2 V; DCR < 40 mQ 300 mA 
3.1h 4 V < Vy < 5.6 V; DCR < 40 mo 150 
3.2a (Vout + 2V) < Vin; DCR < 40 ma 800 
i 76 * Vout € Vin < (Vour + 2V); 
3.2b Max output current in 0 OUT = VIN OUT 600 mA 
normal operation for TPS55160-Q1 and | DCR s 40 mo 
lour adj Vou | adjustable TPS55162-Q1, 0.46 * Vour S Vin < 0.76 * Vout; 
3.2c configuration, 8V « 8V < Vout < 9V DCR < 40 mo ^ SM 300 mA 
Vout < 9V 3.6 V < Vin < 0.46 * Vout; DOR < 
3.2d amo S Er OUT: S 150 mA 
3.2e Max output current in (Vout + 1V) < Vin; DCR < 40 mo 800 
3.2f normal operation for TPS55160-Q1 and |0.76 * Vour € Vin < (Vout + 1V); 600 
` lOUT_adj_VoutL adjustable TPS551 62-Q1, DCR < 40 mQ 
configuration, 5.7V < 5.7V < Vout € 8V * : mA 
3.29 Vour < 8V ee eer | oa 
Max output current in 
3.11 | lour Ps low-power mode 50 
R On-resistance buck- 
3.3 dson_ stage high-side (HS) 150 300) ma 
BUCK_HS 
FET 
R On-resistance buck- 
3.4 dson_ stage low-side (LS) 150 300) ma 
BUCK_LS 
FET 
Rdson_ On-resistance boost- 
3.5 Boos ils stage HS FET 150 300| ma 
Rdson_ On-resistance boost- 
3.6 BOOST 1$ stage LS FET 150 300| mQ 
Peak current limit for 
3.7 lw limit HS buck, LS buck, and | Device in normal operating mode 2 35 4.5 A 
LS boost 
3.9 ICoilAvglimit i COn curent Device in normal operating mode; L = 4.7 H 2 2.8 A 
Transient load step TPS55165-Q1: Measured at VOUT SENSE pin; 
3.20a | Vripsn sv 100 | response for VOUT in | VOS FB pin connected to GND; Vy = 12 V, lour = 0.1 5 
5-V setting A to 0.5 A, TR = Tp = 1 us, Cour = 47 UF 
Transient load step TPS55165-Q1: Measured at VOUT SENSE pin; 
3.20b | Vripsn sv 500 | response for VOUT in | VOS FB pin connected to GND; Vy = 12 V, lour = 0.5 5 
5-V setting Ato 1A, TR=Tf= 1 ys, Cour = 47 uF 
; TPS55165-Q1: Measured at VOUT. SENSE pin; 
3.21a | VRIPPLE 5v Pane d for VOUT | vos FB pin connected to GND; Vin = 12V, lour = 1 A, 5.5 mVpp 
9 SS EN - low 
: TPS55165-Q1: Measured at VOUT SENSE pin; 
321b |Vmppig iav | ouput Mrd VOUT | yos 'FB pin connected to VREG; Vi = 14V, lour = 0.8 5 mVpp 
9 A, SS EN = low 
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7.9 Electrical Characteristics — Undervoltage and Overvoltage Lockout 
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Over operating free air temperature range —40°C < T4 < 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) 


POS PARAMETER TEST CONDITIONS MIN TYP MAX, UNIT 
E. TPS55165-Q1 with 
4.1a Vin voltage decreasing; | vOS FB pin connected to 1.8 2| v 
Device turned-off when GND 
UVLO Vin Undervoltage (UV) Vin < UVLO 
4.1b bide TO oe Sin norma! VOS E do to 3.6 4| v 
à operating mode VREG * 
Vin voltage decreasing; TPS55160-Q1 and 
Vin Undervoltage (UV) Device turned-off when TPS55162-Q1 
IN 
M oL lockout threshold Vin < UVLO ns e| ow 
Device is in normal 
operating mode 
Vin voltage increasing; Device stops switching when 
Vin Overvoltage (OV) | Vin > OVLO, and recovers when Vy < OVLO and IGN 
We OVLO lockout threshold =1 36 40 ud 
Device is in normal operating mode 
4.9 Vout ProT ov. | VOUT OV protection Device is in normal operating mode 11096 12596 
(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 
7.10 Electrical Characteristics — IGN Wakeup 
Over operating free air temperature range —40°C < T4 x 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) 

POS PARAMETER TEST CONDITIONS MIN  TYP MAX) UNIT 
5.1a IGNwake IGN wake-up threshold Vign voltage increasing to wake-up device 2.5 3.1 3.7 V 
5.1b |IGNpp IGN power-down threshold dii voege decreasing to power-down 1.5 2.1 2.7 V 
5.2 IGNuyst IGN wake-up hysteresis 0.76 1 1.35 V 
5.3a L IGNssy IGN pin forward input current View = 36 V 11 17 30 uA 

at 36 V 
5.3b |l IGN4oy IGN pin forward input current Vien = 12 V 23 37 74 uA 
at12 V 
5.5 1_IGNrev IGN pin reverse current Vien = -7 V 370 650 uA 
(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 
7.11 Electrical Characteristics — Logic Pins PS, IGN PWRL, SS EN 
Over operating free air temperature range —40°C < T4 < 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted)" 
POS PARAMETER TEST CONDITIONS MIN  TYP MAX) UNIT 
Logic input low-to-high 
6.1 VioGiC IN. HIGH threshold for pins Device in power-up condition 2 V 
IGN PWRL PS, and SS EN 
Logic Input high-to-low 
6.2 |Vioaic IN LOW threshold for pins Device in power-up condition 0.74 V 
IGN_PWRL, PS, and SS EN 
Logic input hysteresis for 
6.3 |Vioaic IN HYST pins IGN_PWRL, PS, and Device in power-up condition 0.15 0.39 V 
SS EN 
Pulldown resistance on PS 
6.4 |Rioaic IN PD pin to GND 35 70 111 kQ 
6.5  |lputup SS EN Pullup current on SS. EN pin 85 266 yA 
Pullup current on 
6.6  loutup IGN PWRL IGN. PWRL pin 1 8| pA 
(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 
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7.12 Electrical Characteristics — Overtemperature Protection 


Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) 


POS PARAMETER TEST CONDITIONS MIN  TYP MAX) UNIT 


Overtemperature shutdown » 
fal TPROT protection threshold 175 210 c 
Overtemperature shutdown 
s Thys hysteresis 30 


(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 


7.13 Electrical Characteristics - Power Good 


Over operating free air temperature range —40°C < T4 x 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) ? 


POS PARAMETER TEST CONDITIONS MIN TYP MAX, UNIT 

Deviation from nominal Vour to assert PG E i 
low, in normal mode bis av 
Deviation from nominal Vout to assert PG 

8.1 PGtH_uv PG threshold undervoltage low, during low power mode to normal mode -12% 
transition 
Deviation from nominal Vout to assert PG , E 
low, in low power mode id ai: 

8.2 VPG Low PG output-low voltage IPGL < 1mA 0.4 V 


(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 


7.14 Switching Characteristics — Reference Voltage (VOS FB Pin) and Output Voltage (VOUT 
Pin) 
Over operating free air temperature range —40°C < T4 < 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) 
POS PARAMETER TEST CONDITIONS MIN TYP MAX) UNIT 


: L = 4.7 uH, Cour = 22 UF; Vour rising from 10% 
2.5 tstart VOUT VOUT startup time to 90% of final value 1.5 ms 
(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 
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7.15 Switching Characteristics — Buck-Boost 


Over operating free air temperature range —40°C < T, < 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) 


POS PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT 
Time until peak current limit is 
3.8 tolank_Iswlim active P Vin = 14 V 40 70 ns 
3.11 | few Switching frequency without VIN max = 27 V 1860 2000 2140| kHz 


Spread-Spectrum 


Switching frequency with Spread- | Vin max = 27 V; SS. EN pin not connected to 
Spectrum Enabled GND; Device in buck operation 


3.12  |fsw ss 1800 2100 2400) kHz 


Minimum on time in buck 


3.14 lon Min Buck operation Device in normal operation mode 55 65 ns 
3.15 lon Max Boost nee DIUI In OOBSE Device in normal operation mode 350 400 450 ns 
3.16 lon Max Bst L | Maximum boost on time in power 4 us 


PM save mode 


(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 


7.16 Switching Characteristics — Undervoltage and Overvoltage Lockout 


Over operating free air temperature range —40°C < T, x 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) 


POS PARAMETER TEST CONDITIONS MIN TYP MAX) UNIT 
4.3 | tdegl VINUVOV Vin UV and OV deglitch time 40 50 60| us 
4.8 | tiegi vreauvov | VREG UV and OV deglitch time 10 us 


(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 


7.17 Switching Characteristics — IGN Wakeup 
Over operating free air temperature range —40°C < T4 x 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) 

POS PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
5.6 |IGN deg IGN deglitch filter time 7.5 22 ms 


Time from IGN high till VOUT 
crossing 95% of the end-value 


5.7 IGNstartup. time 25 ms 


(1) The term VIN refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 


7.18 Switching Characteristics — Logic Pins PS, IGN PWRL, SS EN 


Over operating free air temperature range —40°C < T4 x 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) 


POS PARAMETER TEST CONDITIONS MIN TYP MAX, UNIT 
: Delay time betweein the toggling of the 
6.7  |tbeay iw wn. | Put Delay time for IGN_PWRI | IGN_PWRL pin and the state change of 213 256 272| us 
p the signal inside the device 
Input Delay time for PS pin Delay time between pullping the PS high 
6.8a | ibelay ps L2H pulling high and the device enters low-power mode oe NE 
, ; - Delay time between releasing the PS pin 
6.8b  |tpeiay Ps H2L Vn Delay time for PS pin going and the device enters normal mode from 262 510 us 
low-power mode 


(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 
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7.19 Switching Characteristics - Power Good 


Over operating free air temperature range —40°C < T4 < 125°C and maximum junction temperature T; = 150°C and 
recommended operating input supply range (unless otherwise noted) 


POS PARAMETER TEST CONDITIONS MIN TYP MAX) UNIT 
8.3 PGpagiitch PG deglitch filter time 45 50 55 us 
8.4a PG DLY Shorted to VREG 40 " 
8.4b PGoxtime PG extension time (rising edge | 100 KO between PG_DLY and GND 30 i 
8.4c only) 10 KQ between PG. DLY and GND 4 ms 
8.4d PG DLY grounded 0.7 ms 


(1) The term Vy refers to the voltage on all supply pins VINP and VINL (unless otherwise noted). 


7.20 Typical Characteristics 


3.5 2.2 

& 3 2.15 
= F 2.1 
5 25 = 
6 8 2.05 
z 2 E 
oO 2 
9 7 2 
D 15 Ù 
G Bg 1.95 
à 1 E 
D = 19 
5 [2] 
ü 05 1.85 

0 1.8 

-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 

Temperature (°C) Temperature (°C) 
Vi 7 12V 
Figure 1. Shutdown lg vs Temperature Figure 2. Switching Frequency vs Temperature 
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Figure 3. 5-V Output Regulation vs Load Current Figure 4. 5-V Output Regulation vs Input Voltage 
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Typical Characteristics (continued) 
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Figure 5. 12-V Output Regulation vs Load Current Figure 6. 12-V Output Regulation vs Input Voltage 
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Figure 11. Low-Power Mode Enabling 
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Figure 12. Step-Up to Step-Down Mode Transition 
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Figure 13. Step-Down to Step-Up Mode Transition 
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Figure 14. Load Current Derating vs Input Voltage 
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8 Detailed Description 


8.1 Overview 


The control circuit of the TPS5516x-Q1 buck-boost converter is based on an average current-mode topology. 
The control circuit also uses input and output voltage feedforward. Changes of input and output voltage are 
monitored and the duty cycle in the modulator is immediately adapted to achieve a fast response to those 
changes. The voltage error amplifier gets its feedback input from the VOS_FB pin. The feedback voltage is 
compared with the internal reference voltage to generate a stable and accurate output voltage. 


The buck-boost converter uses four internal N-channel MOSFETs to maintain synchronous power conversion at 
all possible operating conditions. This feature enables the device to keep high efficiency over a wide input 
voltage and output power range. To avoid ground shift problems caused by the high currents in the switches, 
separate ground pins (GND and PGND) are used. The reference for all control functions are the GND pins. The 
power switches are connected to the PGND pins. Both grounds must be connected on the PCB at only one point 
which is ideally close to the GND pin. Because of the 4-switch topology, the load is always disconnected from the 
input during shutdown of the converter. 


To drive the high-side switches of the buck and the boost power stages, the buck-boost converter requires 
external boot-strapping ceramic capacitors with low ESR. These bootstrap capacitors are charged by the VREG 
supply. The VREG supply requires a low-ESR ceramic capacitor for loop stabilization, and must not be loaded by 
the external application. The VREG supply is also used to drive the low-side switches of the buck and boost 
power stages. At device start-up, the VREG pin is supplied by the input voltage. When the buck-boost output 
voltage is greater than its power-good threshold (the PG pin is high), the VREG pin is supplied by the output 
voltage to reduce power dissipation. 


The device can be enabled with the IGN pin, and, when enabled, the device has a power-latch function which 
can be selected with the IGN_PWRL pin. This function allows an external MCU to keep TPS5516s-Q1 device on 
even after the IGN pin goes low. 


For the TPS55160-Q1 and TPS55165-Q1 devices, the operation mode of the buck-boost converter can be 
selected through the PS pin. When the PS pin is low, the buck-boost operates in normal mode with a constant 
fixed switching frequency. When the PS pin is high, the buck-boost operates in low-power mode with pulse- 
frequency modulation. 


The TPS55160-Q1 and TPS55165-Q1 devices also have a frequency spread-spectrum option that can be 
enabled or disabled through the SS. EN pin. 


The output voltage of the TPS55165-Q1 device is selected as a fixed 5 V or fixed 12 V through the VOS FB pin. 
The TPS55160-Q1 and TPS55162-Q1 devices have an adjustable output voltage from 5.7 V to 9 V through an 
external feedback network. 
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8.2 Functional Block Diagram 
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8.3 Feature Description 


8.8.1 Spread-Spectrum Feature 


The TPS55160-Q1 and TPS55165-Q1 devices have a spread-spectrum feature to modulate the switching 
frequency through a pseudo-random algorithm. 


This spread-spectrum feature is enabled and disabled through the SS EN pin. When the SS EN pin is 
unconnected, the spread-spectrum feature is enabled. The SS EN pin is internally pulled up with a pullup current 
between 100 UA and 200 uA. When the SS EN pin is connected to ground, the spread-spectrum feature is 
disabled. 


This feature can only be enabled when the device is in normal mode with step-down operation. This feature 
cannot be enabled in low-power mode. 


8.3.2 Overcurrent Protection 


The buck-boost regulator has two ways of protecting against overcurrent conditions. When the buck-boost is in 
regulation (essentially the output voltage is at the target voltage), the average current limit provides the protection 
against overcurrent conditions. When the average current limit is activated (essentially the maximum inductor 
average current is reached), the output voltage gradually decreases, but the control loop tries to maintain the 
target output voltage. So when the overcurrent condition clears before the buck-boost control circuit gets too far 
out of regulation, the output voltage gradually reaches its target voltage level again. 


The buck-boost regulator limits the peak-overcurrent in the power MOSFETs. When such a peak-overcurrent 
event occurs, the buck-boost regulator shuts down and restarts after 5.5 us. If three peak-overcurrent events 
occur, and the time between each of these peak-overcurrent events is less than 10 ars, the device goes into the 
PRE RAMP state and a 12-ms time-out is started. The device restarts and goes from the PRE RAMP state to 
the RAMP state after this 12-ms time-out expires and the IGN pin is high. 


When the device operates in low-power mode, both the average current limit and the peak-current limit protection 
functions are disabled. 


8.3.3 Overtemperature Protection 


The internal Power-MOSFETs are protected against excess power dissipation with junction overtemperature 
protection. In case of a detected overtemperature condition, the TPS55165-Q1 device goes to the PRE RAMP 
state (the buck-boost regulator is switched off and the VREG supply is enabled) and a 12-ms time-out is started 
when the overtemperature condition is cleared. The device restarts in the PRE RAMP state after this 12-ms 
time-out expires, the overtemperature condition disappeared, and the IGN pin is high. 


When the device operates in low-power mode, this overtemperature protection function is disabled. 


8.8.4 Undervoltage Lockout and Minimum Start-Up Voltage 


The TPS55165-Q1 device has an undervoltage lockout (UVLO) function. When the device operates in normal 
mode (the PS pin is low), this UVLO function puts the device in the OFF state when the input voltage is less than 
the UVLO threshold. The device restarts when the IGN pin is high and the input voltage is greater than or equal 
to the minimum input voltage for startup, which must be maintained until the output voltage is greater than the 
PG undervoltage threshold. 


When the device operates in low-power mode, this UVLO function is disabled. 


8.3.5 Overvoltage Lockout 


The TPS55165-Q1 device has an overvoltage lockout (OVLO) function. When the input voltage is greater than 
the OVLO threshold while the device operates in normal mode (the PS pin is low), this OVLO function puts the 
device in the PRE RAMP state (the buck-boost regulator is switched off and the VREG supply is enabled), and a 
12-ms time-out starts. The device restarts in the PRE RAMP state after this 12-ms time-out expires, the input 
voltage is less than the OVLO threshold, and the IGN pin is high. 


When the device operates in low-power mode, this OVLO function is disabled. 
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Feature Description (continued) 
8.3.6 VOUT Overvoltage Protection 


When the device operates in normal mode (the PS pin is low) and the output voltage is greater than or equal to 
the VOUT overvoltage protection, the device goes to the PRE RAMP state (the buck-boost regulator is switched- 
off and the VREG supply is enabled) and a 12-ms time-out starts when the output voltage is less than the VOUT 
overvoltage protection. The device restarts in the PRE RAMP state after this 12-ms time-out expires, the output 
voltage is less than the VOUT overvoltage protection, and the IGN pin is high. 


When the device operates in low-power mode, this VOUT overvoltage protection function is disabled. 


8.3.7 Power-Good Pin 


The power-good (PG) pin is a low-side FET open-drain output which is released as soon as the output voltage is 
greater than the PG undervoltage threshold (essentially the output voltage is rising) and the extension time 
(PGexttime) is expired. The intended usage of this pin is to release the reset of an external MCU. Therefore, the 
logic-input signals (IGN PWRL and PS) are considered to be valid only when the PG pin reaches the high level. 


When the output voltage is less than the PG undervoltage threshold (essentially the output voltage is falling) for a 
time longer than the PG deglitch filter time, the PG pin is pulled low. When the PG pin is low, the level of the PS 
and IGN PWRL pins is interpreted as low, regardless of the actual level. The device goes to the OFF state if the 
IGN pin is low under this condition. For more information on the behavior of the PG pin for rising and falling 
output voltage, see Figure 16 through Figure 20. 


The PG pin is operational in low-power mode. The PG extension time can be configured by connecting the 
PG DLY pin to the VREG pin, the GND pin, or through an external resistor with a value from 10 kQ to 100 kQ to 
the GND pin. The extension time is as follows for the listed configurations: 


* When the PG DLY pin is shorted to the VREG pin, the typical PG extension time is 40 ms. 
* When the PG DLY pin is connected to the GND pin, the typical PG extension time is 0.6 ms. 


* When the external resistor between the PG DLY and GND pins has a value of 10 kO, the typical PG 
extension time is 3 ms. 


* When the external resistor between pin the PG DLY and GND pins has a value of 100 KQ, the typical PG 
extension time is 30 ms. 


8.4 Device Functional Modes 


8.4.4 State Diagram 
Figure 15 shows the state diagram. 
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conditions is violated, the 12-ms time-out is reset. 
* The oscillator is turned off in low-power mode. The oscillator is turned back on upon detecting a negative edge on the PS pin, or a negative edge on the PG pin 
which requires the device to go out of low-power mode and enter normal mode again. 
Figure 15. State Diagram 
Copyright O 2017, Texas Instruments Incorporated Submit Documentation Feedback 19 


Product Folder Links: TPS55160-Q1 TPS55162-Q1 TPS55165-Q1 


I$ TEXAS 
INSTRUMENTS 
TPS55160-Q1, TPS55162-Q1, TPS55165-Q1 


SLVSD46 -NOVEMBER 2017 www.ti.com 


8.4.2 Modes of Operation 


The operational mode of the buck-boost converter is selected through the PS pin. When the PS pin is low, the 
buck-boost operates in normal mode with a constant fixed switching frequency. When the PS pin is high, the 
buck-boost operates in low-power mode with pulse-frequency modulation. 


8.4.2.1 Normal Mode 


To regulate the output voltage at all possible input voltage conditions, the buck-boost converter automatically 
switches from step-down operation to boost operation and back as required by the configuration. The regulator 
always uses one active switch, one rectifying switch, one always-on switch, and one always-off switch. 
Therefore, the regulator operates as a step-down converter (buck) when the input voltage is higher than the 
output voltage, and as a boost converter when the input voltage is lower than the output voltage. In normal 
mode, no mode of operation is available in which all four switches are permanently switching. Controlling the 
switches in this way allows the converter to maintain high efficiency at the most important point of operation; 
when the input voltage is close to the output voltage. The RMS current through the switches and the inductor is 
kept at a minimum to minimize switching and conduction losses. For the remaining two switches, one is kept 
permanently on and the other is kept permanently off which causes no switching losses. 


In normal mode, the converter operates in full continuous mode at a fixed switching frequency of 2 MHz (typical) 
for the entire load-current range, even with no load at the output. No pulse-skipping should occur for supply 
voltages from 2 V to 27 V. 


8.4.2.2 Low-Power Mode 


When the buck-boost converter is in low-power mode, the output voltage is monitored with a comparator with its 
threshold at the regulation target voltage. When the buck-boost regulator goes to low-power mode, the converter 
temporary stops operating and the output voltage drops. The slope of the output voltage depends on the load 
and output capacitance. As the output voltage decreases to less than the regulation target voltage, the device 
ramps up the output voltage again by giving one or several pulses until the output voltage exceeds the regulation 
target voltage. In low-power mode, the buck-boost operates in 4-switch mode, which allows regulation at the 
target output voltage regardless of whether the input voltage is greater than or less than the target output voltage 
value. 


After the device enters low-power mode, the internal oscillator is turned off. As a result of the oscillator being 
turned off, all signal deglitching functions are disabled while the device is in low-power mode. These functions 
include the Viy and VREG OV and UV signal deglitch functions, and the IGN input signal deglitch function. 


20 Submit Documentation Feedback Copyright O 2017, Texas Instruments Incorporated 
Product Folder Links: TPS55160-Q1 TPS55162-Q1 TPS55165-Q1 


I$ TEXAS 
INSTRUMENTS 
TPS55160-Q1, TPS55162-Q1, TPS55165-Q1 


www.ti.com SLVSD46 -NOVEMBER 2017 


8.4.3 Power-Up and Power-Down Sequences 
Figure 16 shows the power-up and power-down sequence without the usage of the IGN_PWRL pin. 
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A. The actual ramp-down time of the output voltage depends on external load conditions. 


Figure 16. Power-Up and Power-Down Sequence With Normal Mode and Low-Power Mode, Without 
Usage of IGN PWRL 
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Figure 17 shows the power-up and power-down sequence with usage of the IGN_PWRL pin. 


IGN , Deglitch time 
A | > 7.5 ms (min) to 22 ms (max) 


VREG = 4.5 V (typ) 
VREG UV level 
(minimum 3.7 V) 


VOUT I 
5v 


VOUT PG level 
(4.55 to 4.75 V) 


I 

I 

[ 

I 

I 

+ 4 
I 

PGexttime I 

I 


| — —»1 
i VOUT san | 2 ms (typ) 
A PG i i ms (typ) m - > le PGaegiich 
| l | 
l | I 
i | PRacaitcn >} i i | 
| I 
l | | | 
p pco eg 
+ T T mi 
Operation Mode | Load | | ! ! L3 
| | 
| 


A. The actual ramp-down time of the output voltage depends on external load conditions. 


Figure 17. Power-Up and Power-Down Sequence With Normal Mode and Low-Power Mode, With Usage 
of IGN PWRL 
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Figure 18 shows a power-up and power-down sequence in low-Power mode with the IGN pin low. Figure 18 
shows that after the device is powered on in the OFF state, the device is in low-power mode when the PS pin is 
high regardless of what was applied on the IGN and IGN_PWRL input pins. 
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A. The actual ramp-down time of the output voltage depends on external load conditions. 


Figure 18. Power-Up and Power-Down Sequence With Low-Power Mode When IGN and IGN PWRLare 
low (Essentially When the ECU is in Sleep or Standby mode) 
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Figure 19 shows that when the device starts in the OFF state, the buck-boost converter always enters normal 
mode first, even when the PS pin was previously set high. The device can only enter low-power mode when the 
PG output pin is set high. Figure 19 also shows that the device does not start-up as long as the IGN pin is low. 
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A. The actual ramp-down time of the output voltage depends on external load conditions. 
Note: The buck-boost converter always enters normal mode first after ramp up before it can enter low-power mode. 


Figure 19. Power-Up Behavior With PS Pin Previously Set High 
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Figure 20 shows that the device only can start-up in the OFF state when the IGN pin is high. Setting the 
IGN PWRL pin before the IGN pin is high does not start-up the device. Figure 20 also shows that the 
IGN PWRL signal is only valid after the PG pin is high and the PGpegiitch time has elapsed. 
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A. The actual ramp-down time of the output voltage depends on external load conditions. 
Note: The device does not start-up until the IGN pin is high. The IGN power-latch is only be set after the PG pin is high. 


Figure 20. Power-Up Behavior With IGN PWRL Set High Prior to High IGN 
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8.4.4 Soft-Start Feature 


On power up, the device has a soft-start feature which ramps the output of the regulator at a steady slew rate. 
The soft-start ramp time is 0.5 ms by default. When the device pulls the PG pin low because of a VOUT 
undervoltage condition while the device is in normal mode, the device stays in normal mode and tries to get to 
the VOUT level again without soft-start slew-ramp control. 


8.4.5 Pulldown Resistor on VOUT 


When the buck-boost regulator is disabled (in the OFF state, INIT state, and PRE RAMP state), an internal 
active pulldown circuit (specified as Rpdvour in the Electrical Characteristics — Reference Voltage (VOS FB Pin) 
and Output Voltage (VOUT Pin) table) pulls down the VOUT pin. 


8.4.6 Output Voltage Selection 
The configuration of the output voltage is selectable through the VOS FB pin. 


The fixed output voltage of the TPS55165-Q1 device is 5 V when the VOS FB pin is connected to ground and is 
12 V when the VOS FB pin is connected to the VREG pin. For the TPS55165-Q1 device in the 5-V configuration 
(VOS FB pin connected to ground), the UVLO threshold is set to less than 2 V. When the TPS55165-Q1 device 
is in the 12-V configuration (VOS FB pin connected to the VREG pin), the UVLO threshold is set to less than 3.6 
V. For the TPS55162-Q1 device, the UVLO threshold is also set to less than 3.6 V. 


For the adjustable output voltage of the TPS55160-Q1 and TPS55162-Q1 devices, connect the VOS FB pin to 
the external feedback network. The total resistance of this external feedback network must be less than 1 MO 
(essentially, this value must be similar to or less than the implemented total resistance of the implemented 
internal feedback network for the 12 V setting). 
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NOTE 


Information in the following applications sections is not part of the TI component 
specification, and TI does not warrant its accuracy or completeness. Tl's customers are 
responsible for determining suitability of components for their purposes. Customers should 
validate and test their design implementation to confirm system functionality. 


9.1 Application Information 


The TPS5516x-Q1 family of devices is a high-voltage synchronous buck-boost DC-DC converter with all four 
power MOSFETSs integrated. Each device in the device family can produce a well-regulated output voltage from a 
widely-varying input voltage source such as an automotive car battery. If the input voltage is higher than the 
output voltage, the TPS5516x-Q1 device operates in step-down mode. If the input voltage is lower than the 
output, the device operates in step-up mode. If the input voltage is equal or close to the output voltage, the 
device operates between the step-down and step-up mode. The buck-boost overlap control ensures automatic 
and smooth transition between step-down and step-up (This is ok. Step-up and step-down modes were 
mentioned in the first page of the spec)modes with optimal efficiency. The output voltage of the TPS55165-Q1 
device can be set to a fixed level of 5 V or 12 V. The output voltage of the TPS55160-Q1 and TPS55162-Q1 
devices is programmable from 5.7 V to 9 V. 


9.1.1 Application Circuits for Output Voltage Configurations 


Figure 21 and Figure 22 show the application diagrams for the adjustable output configuration. 
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Figure 21. TPS55160-Q1 Application Diagram for Adjustable Output Voltage 


Submit Documentation Feedback 


Product Folder Links: TPS55160-Q1 TPS55162-Q1 TPS55165-Q1 


27 


TPS55160-Q1, TPS55162-Q1, TPS55165-Q1 
SLVSD46 -NOVEMBER 2017 


l 
Application Information (continued) 


TEXAS 
INSTRUMENTS 


www.ti.com 


L2 


BST2 
VOUT 


5.7 V < Vour S9 V 
+ » 
VOUT. SENSE ——22 uF 
Ri i 
ON IGN_PWRL 
OFF— 
[Power 
—Latch 


IGN 


VREG 
VREG_Q 


PG_DLY 
TPS55162-Q1 


Use Equation 1 to calculate the output voltage. 
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Figure 22. TPS55162-Q1 Application Diagram for Adjustable Output Voltage 
R1+R2 
Vour = x VEB 
where 


Pin). 


Veg is 0.8 V (see Electrical Characteristics — Reference Voltage (VOS FB Pin) and Output Voltage (VOUT 
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Application Information (continued) 


Figure 23 shows the TPS55165-Q1 device in the 5-V configuration. 
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Figure 23. TPS55165-Q1 Application Diagram for 5-V Voltage 
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Application Information (continued) 
Figure 24 shows the TPS55165-Q1 device in the 12-V configuration. 
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Figure 24. TPS55165-Q1 Application Diagram for 12-V Voltage 
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For TPS55165-Q1 in 12-V configuration (VOS_FB is shorted to VREG), the PG pin 
must be tied to an external 5-V supply through a pullup resistor. Tying the PG pin to a 
supply greater than 5.5 V could damage the device in the unlikely event of a shortage 
between the PG pin and the adjacent VOS_FB pin, which is tied to the VREG pin in 
the 12-V output configuration. The absolute-maximum voltage rating of the VREG pin 


is 5.5 V. 


CAUTION 
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9.2 Typical Application 


The TPS5516x-Q1 family of devices requires a minimum number of external components to implement a buck- 
boost converter. Figure 25 shows the typical schematic for the TPS55165-Q1 device in the 5-V configuration. 
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Figure 25. TPS55165-Q1 Buck-Boost Converter for Fixed 5-V Output 


9.2.1 Design Requirements 


Table 1 lists the design requirements for Figure 25. 


Table 1. Design Requirements 


PARAMETER VALUE 
V The least input voltage after startup. 2y 
INCMIN The lour max load current deratings listed in this table apply for Vin « 5.3 V. 
VIN startup The minimum input voltage required for startup. >5.3 V 
ViN MAX The greatest input voltage after startup. 36 V 
Vour The output voltage. 5V 
The maximum output current at Vin 2 5.3 V 1A 
louT. MAX The maximum output current at 3.8 V < Vin < 5.3 V 0.8A 
The maximum output current at 2.3 V < Vin < 3.8 V 0.4 A 


9.2.2 Detailed Design Procedure 


9.2.2.1 Power-Circuit Selections: Cy, L, Cour 


The TPS5516x-Q1 family of devices integrates not only the power switches but also the loop compensation 
network as well as many other control circuits which reduces the number of required external components. For 
the internal loop compensation to be effective, the selection of the external power circuits (power inductor and 
capacitor) must be confined. TI strongly recommends users selecting the component values as follows: 3.3-uH to 
6.2-UH power inductor, 18-UF to 47-UF output capacitor, and 8.2-UF or greater input capacitor. Because the 


TPS5516x-Q1 device switches at about 2 MHz, a shielded inductor and X5R-type or X7R-type ceramic 
capacitors should be used for the power circuit. 
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Considering the component tolerance, the following power component values were selected for this design 
example: 


* CiN - 20 uF 
* Cour = 22 pF 
* L=4.7 uH 


For the input capacitor (Ci), the voltage rating should be greater than the maximum input voltage (Vin max). 
Therefore, two, 10-UF X7R capacitors rated for 50 V were selected for this design example. Adding a small, high- 
frequency decoupling ceramic capacitor (Cup with a value of 100 nF typical) in parallel with the input capacitor 
is recommended to better filter out the switching noises at the VINP pin. Adding another decoupling ceramic 
capacitor (Cyn, with a value of 470 nF typical) is also recommended for the VINL pin. 


The output capacitor (Cour), receives a voltage of 5 V. Considering some voltage-rating margin, two 10-uF X7R 
capacitors rater for 10 V or greater and one, 2.2-uF X7R-type capacitor rated for 10 V or greater in parallel were 
selected for the output capacitor. Adding a small, high-frequency decoupling ceramic capacitor (Cyosy with a 
value of 100 nF typical) in parallel with the output capacitor is recommended to better filter out the switching 
noises at the VOUT SENSE pin. 


The power inductor (L) should be a shielded type, and it should not saturate during operation. The inductor 
should also be able to support the power dissipation under the maximum load. Use the calculations in the 
following sections to find the required current capabilities for the inductor. 

9.2.2.1.1 Inductor Current in Step-Down Mode 

Use Equation 2 to calculate inductor peak-ripple current in the step-down, or buck, mode (ly bucx)- 


1, Vour , 1 - Deuek 
lk. buck = 5% L x | 


where 
*  Voyris the output voltage. 
* Lis the value of the inductor. 
* Dy, is the duty cycle (refer to Equation 3). 


e fg is the switching frequency. (2) 
Vour 
Dpuck = V, 
IN (3) 


The maximum peak-ripple current of the inductor (lpk) occurs when the duty cycle is at the minimum value, 
specifically when the input voltage (Vn) is at the maximum value which yields the value shown in Equation 4. 


(36V ` (4) 


Substitute the values for fs, L, and Dix, in Equation 2 to find the peak-ripple current as shown in Equation 5. 
1 5V  1-0.139 
| - =0.458A 
pk_buck 2" 4.7 4H 2MHz (5) 


The power dissipations can be determined by the RMS current of the inductor. Use Equation 6 to calculate the 
RMS current of the inductor in buck mode (lis buck): 


| 1 | 1 
Ims. buck = lurt T 3° PET = ITA? + qo A? 214A " 


Use Equation 7 to calculate the approximate power dissipation of the inductor in buck-mode (Piss | pug). 


_ 12 
Poss _L_ buck = lms _ buck n Rac (7) 
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9.2.2.1.2 Inductor Current in Step-Up Mode 
Use Equation 8 to calculate the inductor peak-ripple current in the step-up, or boost, mode (i boost)- 


1 Vin Dpoost 
= —X x 
pk boost 2 L 


fsw 
where 
*  Dboost is the duty cycle in boost mode (refer to Equation 9). (8) 
D... Vour = Vin 
boost — V 
VOUT (9) 


In general, the maximum peak-ripple current occurs at 50% duty cycle. In this example, because of the power 
derating versus the input voltage, a few calculations can find that the maximum RMS current occurs when the 
input voltage is approximately 3.8 V, of which the load current is 0.8 A, according to Table 1. Equation 10 and 
Equation 11 show the peak-ripple current under this condition. 


pu, 295 4 * 6246 
boost 5V (10) 
1 38V 0.240 
| = = 0.049 A 
pk boost" 5" 47H 2 MHz (11) 


The power dissipations can be determined by the RMS current of the inductor. Use Equation 12 to calculate the 
RMS current of the inductor in buck mode (lis boost): 


2 2 
E | lour | ^ boost” - | UEA ) + 3% 0.049 A? =1.053 A 


T= Discs 1-0.24 (12) 


Use Equation 13 to calculate the approximate power dissipation of the inductor in boost-mode (Piss 1 boost): 


2 
Poss L boost m lms _ boost ^ Bac (13) 


9.2.2.1.3 Inductor Current in Buck-Boost Overlap Mode 


When input voltage is very close to the output voltage, the device operates in buck-boost overlap mode, and the 
L1 and L2 pins are switched alternatively in consecutive cycles. The small voltage difference between the input 
and output voltage leads to a small amount of ripple current through the inductor. Therefore, the total inductor 
current is essentialy the load current with small ripples superimposed onto it, and the RMS current is 
approximately the same as the load current, which is 1 A. 


2 
Pss L buckboost = Ig x Rac (14) 


9.2.2.1.4 Inductor Peak Current 


Because the TPS5516x-Q1 device has internal peak current limit (law jimi) Of 4.5 A (maximum), this current 
should be considered when selecting the power inductor. Select the inductor of the saturation current (lsar) with 
a minimum value of 4.5 A so that the inductor never gets saturated. Tl recommends using a shielded inductor. 


9.2.2.1.5 Inductor Peak Current 


For this design example, select an AEC-Q200 Grade 0, shielded inductor with the following characteristics: 
e Is a surface-mount device (SMD) 

* Has an inductance of 4.7 uH 

* Supports a saturation current (Isar) of 4.8 A 

e Is rated for an RMS current (lms) of 1.5 A or larger 

e Is rated for a DC load (Rae) of 0.04 Q or smaller 
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9.2.2.2 Control-Circuit Selections 


9.2.2.2.1 Bootstrap Capacitors 

The bootstrap capacitors (Cgst; and Cgst2) supply the internal high-side MOSFET driver. Tl recommends using 
a 0.1-uF, X7R-type ceramic capacitor rated for 15 V or larger for the bootstrap capacitors. 

9.2.2.2.2 VOUT-Sense Bypass Capacitor 

To improve noise immunity, connect a 0.1-uF, X7R-type ceramic capacitor rated for 25 V or greater to the VOUT 
pin. 

9.2.2.2.3 VREG Bypass Capacitor 


The VREG supplies the internal control circuit as well as the drivers for the integrated low-side driver. To improve 
noise immunity and stabilize the internal VREG regulator, TI recommends connecting a 4.7-uF, X7R-type 
ceramic capacitor rated for 25 V or greater between the VREG and GND pins. 


9.2.2.2.4 PG Pullup Resistor and Delay Time 


The power-good indicator pin (PG) is an open-drain output pin. The PG pin requires an external pullup resistor to 
flag the power-good status. For this design example, select a 100-kO resistor to pull up the PG pin from the 
output rail. 


The PG DLY pin sets the delay time for the PG status to flip. Follow the instructions listed in the Power-Good 
Pin to program the delay. 


9.2.3 Application Curves 
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10 Power Supply Recommendations 


The TPS5516x-Q1 family of devices is a power-management device. The power supply for the device is any DC- 
voltage source within the specified input range. The supply should also be capable of supplying sufficient current 
based on the maximum inductor current in boost-mode operation. When connecting to the power supply and 
load, try to use short and solid wires. Twisting the pair of wires for the input and output helps minimize the line 
impedance and avoid adversary interference with the circuit operation. 


11 Layout 


11.1 Layout Guidelines 


The layout of the printed-circuit board (PCB) is critical to achieve low EMI and stable power-supply operation as 
well as optimal efficiency. Make the high frequency current loops as small as possible, and follow these 
guidelines of good layout practices; 

* The TPS5516x-Q1 family of devices is a high-frequency switching converter. Because the four switch 
MOSFETs are integrated, the device should be located at the center of the DC-DC power stage. Separate the 
power ground and analog ground such that the control circuit can be connected to the relatively quieter 
analog ground without being contaminated by the noisy power ground. Use the PGND pin, GND pin, and the 
device PowerPAD as the single-point connection between the analog and power grounds. 

* Identify the high-frequency switched AC-current loops. In step-down mode, the AC current loop is along the 
path of the input capacitor (Cn), L1 pin, internal buck-switch leg, and PGND pin, and closes at the input 
capacitor. In step-up mode, the AC current loop is along the path of the output capacitor (Cour), L2 pin, 
internal boost-switch leg, and PGND pin, and closes at the output capacitor. These two AC-current loops are 
both involved in buck-boost overlap mode. 

* Optimize component placement and orientation before routing any traces. Place the input and output filter 
capacitors, the device, and the power inductor close together such that the AC-current loops are short, direct, 
and the spatial areas enclosed by the loops are minimized. Make the power flow in a straight path rather than 
a zigzag path on the board. 


* Place the high frequency decoupling ceramic capacitors for the input and output as close as possible to the 
device with the main input and output ceramic capacitors placed next to the high-frequency capacitors. This 
placement helps confine the high switching noises within a very small area around the device. 

* Place the VREG decoupling capacitor close to the VREG pin because it serves as the supply to the internal 
low-side MOSFETSs drivers. Because the VREG pin receives power from the output rail, the ground lead of 
the VREG decoupling capacitor should connect directly to the Cour ground to improve device noise immunity. 


NOTE 
The VREG Q pin must always connect to the VREG pin. Both pins should have a Kelvin 
connection to the decoupling capacitor. 


* Place the bootstrap capacitors (Cgsr, and Cgsro) close to the device with short and direct traces to connect to 
the corresponding device pins becuase these capacitors serve as the supplies to the internal high-side 
MOSFETS drivers 

* Place the VOUT SENSE decoupling capacitor (Cvosn) close to the device. Give the placement of this 
capacitor priority over the main output capacitors. 

* For TPS55160-Q1 or TPS55162-Q1, place the sense-resistor divider for the output voltage close to the 
device. 

* Use eight to nine via holes with a 0.3 mm diameter in the device PowerPAD to help dissipate heat through 
the layers of the ground plane. Additional vias holes around the device PowerPAD can further enhance heat 
dissipation. 

* Useatleast ten via holes with a 0.3 mm diameter around the input and output capacitors that are connected 
to ground-plane layers to minimize the PCB impedance for power current flows. 
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11.2 Layout Example 


Figure 30. Example Circuit Layout 
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12 Device and Documentation Support 


12.1 Device Support 


12.1.1 Development Support 
For development support, refer to: 
TPS55160-Q1 PSpice Transient Model 


12.2 Documentation Support 


12.2.1 Related Documentation 

For related documentation see the following: 

Texas Instruments, 7PS5516xQ1-EVM Evaluation Module for 1-A Single- Inductor Buck-Boost-Converter user's 
guide 

12.3 Related Links 


The table below lists quick access links. Categories include technical documents, support and community 
resources, tools and software, and quick access to sample or buy. 


Table 2. Related Links 


PARTS PRODUCT FOLDER | SAMPLE & BUY Ee ARS cuin 
TPS55160-Q1 Click here Click here Click here Click here Click here 
TPS55162-Q1 Click here Click here Click here Click here Click here 
TPS55165-Q1 Click here Click here Click here Click here Click here 


12.4 Community Resources 


The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective 
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of 
Use. 


TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration 
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help 
solve problems with fellow engineers. 


Design Support T/'s Design Support Quickly find helpful E2E forums along with design support tools and 
contact information for technical support. 


12.5 Trademarks 


PowerPAD, E2E are trademarks of Texas Instruments. 
All other trademarks are the property of their respective owners. 


12.6 Electrostatic Discharge Caution 


This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage. 


y ARS ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more 
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications. 
12.7 Glossary 


SLYZ022 — TI Glossary. 
This glossary lists and explains terms, acronyms, and definitions. 
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13 Mechanical, Packaging, and Orderable Information 


The following pages include mechanical, packaging, and orderable information. This information is the most 
current data available for the designated devices. This data is subject to change without notice and revision of 
this document. For browser-based versions of this data sheet, refer to the left-hand navigation. 
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PACKAGING INFORMATION 


Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples 
(1) Drawing Qty (2) (6) (3) (4/5) 
TPS55160QPWPRQ1 ACTIVE HTSSOP PWP 20 2000 ed ids CU NIPDAU Level-3-260C-168 HR -40 to 125 TPS55160 
TPS55160QPWPTQ1 ACTIVE HTSSOP PWP 20 250 um Miis CU NIPDAU Level-3-260C-168 HR -40 to 125 TPS55160 
TPS55162QPWPRQ1 ACTIVE HTSSOP PWP 20 2000 2 ird CU NIPDAU Level-3-260C-168 HR -40 to 125 TPS55162 
TPS55162QPWPTQ1 ACTIVE HTSSOP PWP 20 250 pii CU NIPDAU Level-3-260C-168 HR -40 to 125 TPS55162 
TPS55165QPWPRQ1 ACTIVE HTSSOP PWP 20 2000 Pas id CU NIPDAU Level-3-260C-168 HR -40 to 125 TPS55165 
TPS55165QPWPTQ1 ACTIVE HTSSOP PWP 20 250 ped ca CU NIPDAU Level-3-260C-168 HR -40 to 125 TPS55165 


The marketing status values are defined as follows: 

ACTIVE: Product device recommended for new designs. 

LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect. 

NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design. 
PREVIEW: Device has been announced but is not in production. Samples may or may not be available. 

OBSOLETE: TI has discontinued the production of the device. 


) RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance 
do not exceed 0.196 by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may 
reference these types of products as "Pb-Free". 

RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption. 

Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based 
flame retardants must also meet the «-1000ppm threshold requirement. 


9 MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature. 
0 There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device. 


6 Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation 
of the previous line and the two combined represent the entire Device Marking for that device. 
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(9 Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish 
value exceeds the maximum column width. 


Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information 
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and 
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. 
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release. 


In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis. 
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TAPE AND REEL INFORMATION 


REEL DIMENSIONS TAPE DIMENSIONS 


| I 7 


[e] 
= 


Dimension designed to accommodate the component width 

| BO | Dimension designed to accommodate the component length 

Dimension designed to accommodate the component thickness 
y Overall width of the carrier tape 

L Pitch between successive cavity centers 


À Reel Width (W1) 
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE 


O OOo 0 © OO 00 0 Sprocket Holes 


Q1! Q2 Q1 ! Q2 


Q3 | Q4 Q3 | Q4 User Direction of Feed 


Pocket Quadrants 


*All dimensions are nominal 


Device Package | Package | Pins | SPQ Reel Reel A0 BO KO P1 W Pin1 
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) [Quadrant 
(mm) |W1 (mm) 


TPS55160QPWPRQ1 [|HTSSOP| PWP 20 2000 330.0 16.4 6.95 | 7.1 1.6 8.0 16.0 Q1 
TPS55160QPWPTQ1 |HTSSOP| PWP 20 250 180.0 16.4 6.95 | 7.1 1.6 8.0 16.0 Q1 
TPS55162QPWPRQ1 [|HTSSOP| PWP 20 2000 330.0 16.4 6.95 | 7.1 1.6 8.0 16.0 Q1 
TPS55162QPWPTQ1 |HTSSOP| PWP 20 250 180.0 16.4 6.95 | 7.1 1.6 8.0 16.0 Q1 
TPS55165QPWPRQ1 [|HTSSOP| PWP 20 2000 330.0 16.4 6.95 | 7.1 1.6 8.0 16.0 Q1 
TPS55165QPWPTQ1 |HTSSOP| PWP 20 250 180.0 16.4 6.95 | 7.1 1.6 8.0 16.0 Q1 
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TAPE AND REEL BOX DIMENSIONS 


wá» 


*All dimensions are nominal 


Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm) 
TPS55160QPWPRQ1 HTSSOP PWP 20 2000 367.0 367.0 38.0 
TPS55160QPWPTQ1 HTSSOP PWP 20 250 213.0 191.0 55.0 
TPS55162QPWPRQ1 HTSSOP PWP 20 2000 367.0 367.0 38.0 
TPS55162QPWPTQ1 HTSSOP PWP 20 250 213.0 191.0 55.0 
TPS55165QPWPRQ1 HTSSOP PWP 20 2000 367.0 367.0 38.0 
TPS55165QPWPTQ1 HTSSOP PWP 20 250 213.0 191.0 55.0 
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MECHANICAL DATA 


PWP (R—-PDSO-C20) PowerPAD " PLASTIC SMALL OUTLINE 


IERMAL PAD 


Seating Plane 


[ \ di ac 
\ Seating Plane 4 | N/A i DE 


A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side. 
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad 
Thermally Enhanced Package, Texas Instruments Literature No. SLMAOO02 for information regarding 
recommended board layout. This document is available at www.t.com «http: //www.ti.com>. 
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions. 


E. Falls within JEDEC MO-153 


NOTES: 


PowerPAD is a trademark of Texas Instruments. 
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THERMAL PAD MECHANICAL DATA 


PWP (R-PDSO-G20) PowerPAD" SMALL PLASTIC OUTLINE 
THERMAL INFORMATION 


This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed 
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can 
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached 
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, 
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat 
transfer from the integrated circuit (IC). 


For additional information on the PowerPAD package and how to take advantage of its heat dissipating 
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature 
No. SLMAOO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOO4. 
Both documents are available at www.ti.com. 


The exposed thermal pad dimensions for this package are shown in the following illustration. 


0,23 MAX À 


1,25 MAX. 


Exposed Thermal Pad 


Top View 


Exposed Thermal Pad Dimensions 


4206332-41/A0 01/16 


NOTE: A. All linear dimensions are in millimeters 
À Exposed tie strap features may not be present. 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its 
semiconductor products and services per JESDA6, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers 
should obtain the latest relevant information before placing orders and should verify that such information is current and complete. 


Tl's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated 
circuit products that TI has qualified and released to market. Additional terms may apply to the use or sale of other types of TI products and 
Services. 


Reproduction of significant portions of TI information in TI data sheets is permissible only if reproduction is without alteration and is 
accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such reproduced 
documentation. Information of third parties may be subject to additional restrictions. Resale of TI products or services with statements 
different from or beyond the parameters stated by TI for that product or service voids all express and any implied warranties for the 
associated TI product or service and is an unfair and deceptive business practice. TI is not responsible or liable for any such statements. 


Buyers and others who are developing systems that incorporate TI products (collectively, "Designers") understand and agree that Designers 
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have 
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all TI products 
used in or for Designers' applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with 
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous 
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and 
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will 
thoroughly test such applications and the functionality of such TI products as used in such applications. 


TI’s provision of technical, application or other design advice, quality characterization, reliability data or other services or information, 
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “Tl Resources") are intended to 
assist designers who are developing applications that incorporate TI products; by downloading, accessing or using TI Resources in any 
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource 
solely for this purpose and subject to the terms of this Notice. 


Tl’s provision of TI Resources does not expand or otherwise alter Tl’s applicable published warranties or warranty disclaimers for TI 
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections, 
enhancements, improvements and other changes to its Tl Resources. TI has not conducted any testing other than that specifically 
described in the published documentation for a particular TI Resource. 


Designer is authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that 
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE 
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY 
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or 
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information 
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or 
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the 
third party, or a license from TI under the patents or other intellectual property of TI. 


TI RESOURCES ARE PROVIDED "AS IS" AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR 
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THERECF, INCLUDING BUT NOT LIMITED TO 
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF 
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL 
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM, 
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF 
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, 
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN 
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN 
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. 


Unless TI has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949 
and ISO 26262), TI is not responsible for any failure to meet such industry standard requirements. 


Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such 
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards 
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must 
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any TI products in 
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use. 
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life 
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all 
medical devices identified by the U.S. Food and Drug Administration as Class III devices and equivalent classifications outside the U.S. 


TI may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product). 
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications 
and that proper product selection is at Designers' own risk. Designers are solely responsible for compliance with all legal and regulatory 
requirements in connection with such selection. 


Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer's non- 
compliance with the terms and provisions of this Notice. 


Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265 
Copyright O 2017, Texas Instruments Incorporated 


